We propose an experiment for entangling two spatially separated Bose-Einstein condensates by Bragg scattering of light. When Bragg scattering in two condensates is stimulated by a common probe, the resulting quasiparticles or particles in the two condensates get entangled due to quantum communication between the condensates via the probe beam. The entanglement is shown to be significant and occurs in both number and quadrature phase variables and depends strongly on the relative detuning of the two pumps and the relative atom-field coupling strengths of the two condensates. We present two methods of detecting the generated entanglement. Apparently puzzling, yet most profound, first formulated as a paradox ͓1͔, quantum entanglement lies at the very heart of quantum information processing and many issues in the foundations of quantum mechanics. Generation and manipulation of entanglement is, therefore, of prime interest. BoseEinstein condensates ͑BEC͒ ͓2͔ of weakly interacting atomic gases seem to be suitable macroscopic objects for producing many-particle entanglement ͓3͔. A BEC has intrinsic entanglement character due to reduced quantum fluctuations in momentum space. For instance, in the condensate ground state, a pair of mutually opposite momentum modes is maximally entangled in atomic number variables ͓4͔.
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Stimulated resonant Bragg scattering of light by a condensate generates quasiparticles ͓5͔, predominantly in two momentum side modes q and Ϫq, where q is the momentum transferred from light fields to the atoms. Bragg spectroscopy ͓6͔ with coherent or classical light produces coherent states of the quasiparticles in a BEC. When these quasiparticles are projected into a particle domain, that is, into the Bogoliubovtransformed momentum modes, they form two-mode squeezed as well as an entangled state ͓4͔. Bragg spectroscopy can also generate tripartite entanglement ͓4͔. Rayleigh scattering of light by a condensate under certian conditions can produce super-radiance ͓7,8͔ and entangled atom-photon pairs ͓8͔. Spin degrees of freedom of a spinor BEC ͓9͔ are also useful in describing entanglement in spin variables. Apart from BECs, multiatom entanglement in other macroscopic systems has been realized ͓10͔ on the basis of collective-spin squeezing ͓11,12͔. Furthermore, the entanglement in collective-spin variables of two ensembles of gaseous Cs atoms has been experimentally demonstrated ͓13͔ . Continuous variables such as the quadratures of a field mode ͑which are analogous to position and momentum͒ have also been employed ͓14͔ in entanglement studies.
We here propose a scheme for producing quantum entanglement between two spatially separated BECs of a weakly interacting atomic gas. The entanglement we consider is in momentum modes of BECs. The schematics of the proposed experiment is shown in Fig. 1 . The condensates A and B are illuminated by pump lasers L1 and L2, respectively. A single stimulating probe field acts on both the condensates. This common probe can be a single-mode field of a ring cavity. All these three fields are detuned far off the resonance of an electronic excited state of the atoms. The frequencies and the directions of propagation of these fields are so chosen such that Bragg-resonance ͑phase matching͒ conditions of scattering in both the condensates are fulfilled. The Hamiltonian of the system is HϭH A ϩH B ϩH F ϩH AF ϩH BF . Retaining the dominant momentum side modes q and Ϫq only under Bragg-resonance condition, in the Bogoliubov approximation,
where ␣ q 1 represents quasiparticle with momentum q 1 , and 
. The atom-field interaction Hamiltonian for condensate A is
FIG. 1. The scheme for creation of entanglement. A and B are two condensates, L1 and L2 are pump lasers, and L3 is a common entangling probe field. The wave vectors of L1 and L2 are k 1 and k 2 , respectively; probe's wave vector is k 3 . The fields are in the Bragg resonance with the momentum mode q 1(2) ϭϮ(k 1(2) Ϫk 3 ) of the condensate A(B) for blue͑ϩ͒ and red͑-͒ detuning of the respective pump from the probe. 
